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(57) ABSTRACT

A hydrostatic starter device (10) for an internal combustion
engine (2) having a hydrostatic power unit (11) connected
with the output shaft (4) of the internal combustion engine (2)
is driven with hydraulic fluid from a hydraulic fluid accumu-
lator (12). The hydrostatic starter device (10) has an electro-
hydraulic charging device (30) to charge the hydraulic fluid
accumulator (12) with hydraulic fluid and the hydrostatic
power unit (11) is in a drive connection by a clutch device (25)
with the internal combustion engine (2). The hydrostatic
power unit (11) can be connected in a drive connection with
the internal combustion engine (2) by the clutch device (25).
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1
HYDROSTATIC STARTER DEVICE OF AN
INTERNAL COMBUSTION ENGINE

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority to German Patent Appli-
cation No. DE 102012 108857.8 filed Sep. 20, 2012, which is
herein incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a hydrostatic starter device for an
internal combustion engine to start the internal combustion
engine from a stop. The starter device has a hydrostatic power
unit that is in a drive connection with the output shaft of the
internal combustion engine, is in communication with a
hydraulic accumulator, and is driven with hydraulic fluid
from the hydraulic fluid accumulator to start the internal
combustion engine.

2. Description of Related Art

On internal combustion engines, such as diesel or gasoline
engines, starter devices driven by an electric motor are gen-
erally used. To start the internal combustion engine, the speed
of rotation necessary for the self-sustaining running of the
internal combustion engine is produced with an electric
starter motor connected by a transmission with the crankshaft
of the internal combustion engine. The transmission is gen-
erally formed by a pinion gear on the output shaft of the
electric starter motor and a ring gear on the crankshaft of the
internal combustion engine, and has a high translation ratio so
that a high-speed and compact electric starter motor can be
used.

To reduce the fuel consumption of the internal combustion
engine during pauses or interruptions in operation, it is known
that a start-stop function for the internal combustion engine
can be provided, in which the idling internal combustion
engine is shut off during pauses or interruptions in work and
is automatically restarted when there is a request for torque.
The shutdown and subsequent restarting of the internal com-
bustion engine can occur even with relatively briefidle times,
so that the starting process of the internal combustion engine
must be carried out correspondingly frequently and at brief
intervals during the operation of the internal combustion
engine. This requirement places high demands on the starter
device of the internal combustion engine with regard to
endurance strength and the ability to supply the starting
energy required to start the internal combustion engine.

On known starter devices operated with electric motors
with a high-speed and compact electric starter motor, very
strong currents are required to flow for a short period of time
to start the internal combustion engine to produce the torque
necessary to start the internal combustion engine. The cur-
rents that are generated to start the internal combustion engine
result in a significant rise in temperature. If the internal com-
bustion engine is to be restarted after short intervals for a
start-stop function, this operating behavior results in the over-
heating of known starter devices operated with an electric
motor and leads to the failure of the electric starter motor and,
thus, of the starter device operated by the electric motor. To be
ableto actuate a conventional starter device of this type driven
by an electric motor with an electrical starter motor for a
start-stop function at brief intervals, the level of the electrical
voltage must be increased and the electrical starter motor
must be designed so that it has a correspondingly high fatigue
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strength. This results in a significant increase in the design
effort and manufacturing costs required.

Known start-stop functions are associated with a hybrid-
ization of the drive train driven by the internal combustion
engine, as a result of which the starting of the internal com-
bustion engine and the increase in the speed of the internal
combustion engine can occur in a short period of time. How-
ever, for a start-stop function of this type as part of a hybrid-
ization, additional components in the drive train are necessary
in the form of an electrical flywheel-type motor or generator,
a high-performance battery, a performance control module in
the form of power electronics, and an electronic control sys-
tem, as a result of which a start-stop function of this type
requires significant extra construction effort and not insignifi-
cant extra costs.

DE 10 2008 028 547 Al and EP 2 308 795 Al describe
internal combustion engines with a hydrostatic starter device
in which a hydrostatic power unit is operated with hydraulic
fluid from a hydraulic fluid accumulator to start the internal
combustion engine. To eliminate the additional construction
effort and expense for a starter device operated by an electric
motor on the internal combustion engine, it must be ensured
that the hydraulic fluid accumulator is charged before the
internal combustion engine is shut off and/or that the hydrau-
lic fluid accumulator can be charged while the internal com-
bustion engine is shut off. In this regard, EP 2 308 795 Al
discloses an auxiliary charging device that can be used to
charge the hydraulic fluid accumulator. In DE 10 2008 028
547 Al and EP 2 308 795 Al, a hydraulic work pump in the
drive train driven by the internal combustion engine, which
supplies corresponding users of a hydraulic work system of a
vehicle with hydraulic fluid, forms the hydrostatic power unit
of the hydrostatic starter system. The hydraulic work pump
can be operated as a hydraulic motor and, to start the internal
combustion engine, is driven in operation as a motor by
hydraulic fluid from the hydraulic fluid accumulator. How-
ever, the hydraulic work pump is rigidly coupled with the
crankshaft or an output shaft of the internal combustion
engine so that the hydraulic work pump is also driven after the
start of the internal combustion engine. In this case, with
known hydrostatic starter devices, high idle losses occur, in
particular under operating conditions in which no users of the
hydraulic work system are actuated.

An object of this invention is to provide a hydrostatic
starter system of the general type described above but with
which a start-stop function of the internal combustion engine
can be provided in a rugged and economical construction, and
the idle losses that occur during the operation of the internal
combustion engine are reduced.

SUMMARY OF THE INVENTION

The invention teaches that this object is accomplished in
that the hydrostatic starter system has an electrohydraulic
charging device to charge the hydraulic fluid accumulator
with hydraulic fluid and the hydrostatic power unit is in a
drive connection by a clutch device with the internal combus-
tion engine. By means of the clutch device, the hydrostatic
power unit is placed in a drive connection with the internal
combustion engine for the starting process. With an electro-
hydraulic charging device, it can be ensured, with little extra
construction effort or expense, that the hydraulic fluid accu-
mulator is filled with hydraulic fluid prior to the starting
process of the internal combustion engine so that, with the
hydrostatic power unit, the internal combustion engine can be
started under all operating conditions, even after being shut
off for a relatively long time. An additional starter device
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driven by an electric motor with an electrical starter motor is,
therefore, unnecessary. The electrohydraulic charging device
can charge the hydraulic fluid accumulator over a longer
period of time so that only a compact electrohydraulic charg-
ing device with a low delivery volume and a low output is
necessary and can be driven by the existing electrical on-
board power supply of the internal combustion engine. By
means of the clutch device, the hydrostatic power unit, which
preferably performs exclusively the function of a starter to
start the shut-off internal combustion engine, can be con-
nected with the output shaft of the internal combustion engine
to start the internal combustion engine. After the starting
process, when the internal combustion engine is running on
its own, the drive connection with the output shaft can be
disconnected so that with the starter device of the invention,
after the starting process of the internal combustion engine
has been completed, the hydrostatic power unit is still not
being driven by the internal combustion engine. Thus, the
idling losses during the operation of the internal combustion
engine can be reduced. With the starter device of the inven-
tion, a rugged, fail-safe and economical starter system is
provided, which makes possible a start-stop function of the
internal combustion engine at brief intervals and results in
low idling losses of the internal combustion engine.

With the electrohydraulic charging device, the hydraulic
fluid accumulator can be charged even during operation and,
thus, the hydraulic fluid accumulator can be charged when the
internal combustion engine is running, thus ensuring the
charging of the hydraulic fluid accumulator even before the
internal combustion engine is shut off. In one particularly
advantageous configuration of the invention, the hydraulic
fluid accumulator can be charged when the internal combus-
tion engine is shut off by means of the electrohydraulic charg-
ing device to a volume of hydraulic fluid, which is sufficient
for the starting process of the internal combustion engine. It
thereby becomes possible in a simple manner to ensure the
charging of the accumulator under all operating conditions
even when the internal combustion engine is shut off, and the
internal combustion engine can be started with the hydrostatic
power unit and, thus, the hydrostatic starter device.

In one preferred embodiment of the invention, the electro-
hydraulic charging device has a charging pump driven by an
electric motor. The charging pump is connected on the input
side with a reservoir and on the output side with the hydraulic
fluid accumulator. A pressure relief valve is associated with
the hydraulic fluid accumulator to protect the pressure in the
hydraulic fluid accumulator. With a pressure relief valve asso-
ciated with the hydraulic fluid accumulator, for example with
a delivery line of the charging pump, it becomes possible in a
simple manner to ensure that the hydraulic fluid accumulator
is charged before the starting process of the internal combus-
tion engine with a volume of hydraulic fluid which is suffi-
cient for the starting process of the internal combustion
engine because, during the charging process, the pressure
generated by the electrohydraulic charging device can be set
and secured.

In one development of the invention, a check valve that
opens toward the hydraulic fluid accumulator is located in a
delivery line of the charging pump. With a check valve of this
type in the delivery line of the charging pump, it is possible in
a simple manner to prevent the hydraulic fluid accumulator
from emptying as a result of leakage of the shut-off charging
pump when the electrohydraulic charging device is shut
down.

In one advantageous configuration of the invention, the
clutch device is a freewheeling clutch. With a freewheeling
clutch located between the internal combustion engine and
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the hydrostatic power unit that functions as the starter of the
internal combustion engine, the hydrostatic power unit can be
connected with the crankshaft of the internal combustion
engine by a freewheel (overrunning) with little extra con-
struction effort or expense. With a freewheeling clutch of this
type, low idling losses in the operation of the internal com-
bustion engine can be achieved with little extra construction
or expense. Only during the starting process of the internal
combustion engine a torque is outputted by the hydrostatic
power unit to the crankshaft of the internal combustion
engine. After the starting process, the drive connection
between the internal combustion engine and the hydrostatic
power unit is automatically disconnected by the freewheel of
the freewheeling clutch when the internal combustion engine
is running on its own because, after the starting process, the
speed generated by the internal combustion engine and the
torque generated by the internal combustion engine predomi-
nate.

In an alternative embodiment of the invention, the clutch
device is a separating clutch. With a separating clutch, it is
possible in a simple manner to reduce the idling losses during
the operation of the internal combustion engine after the
starting process of the internal combustion engine by sepa-
rating the drive connection between the hydrostatic power
unit of the hydrostatic starter device and the internal combus-
tion engine, which is running by itself.

In one advantageous development of the invention, the
electrohydraulic charging device has a relief valve by means
of which the hydraulic fluid accumulator can be depressur-
ized toward the reservoir. With a relief valve of this type, the
hydraulic fluid accumulator can be depressurized to the res-
ervoir in a controlled manner, for example during relatively
long pauses in operation or when the internal combustion
engine is shut down for extended periods of time, thereby also
achieving a high level of operational reliability of the starter
device.

Itis advantageous if the relief valve is located in a connect-
ing line that runs from the hydraulic fluid accumulator to the
reservoir and is in the form of an electrically actuated control
valve, in particular a switched valve, with an off position and
an on position. With an electrically actuated control valve of
this type, the depressurization of the hydraulic fluid accumu-
lator can be controlled with little extra construction effort or
expense.

To control the starting process of the internal combustion
engine, in one advantageous embodiment of the invention, an
electrically actuated starter valve (which can be actuated into
an open position for the starting process of the internal com-
bustion engine and can be actuated into a closed position after
the starting process of the internal combustion engine) is
located in a line connecting the hydraulic fluid accumulator
with the hydraulic power unit of the starter device. With an
electrically actuated starter valve of this type, it is possible in
a simple manner to form a starter valve for the control of the
starting process of the internal combustion engine. The starter
valve is actuated into an open position during the starting
process of the internal combustion engine, as a result of which
the hydrostatic power unit is driven by the pressurized
hydraulic fluid from the hydraulic fluid accumulator and
cranks the internal combustion engine so that it starts. After
the internal combustion engine has been started, the starter
valve is actuated into the closed position, so that no further
hydraulic fluid flows from the hydraulic fluid accumulator to
the hydrostatic power unit once the internal combustion
engine is running on its own.

It is particularly advantageous if, as in one embodiment of
the invention, the clutch device is actuated hydraulically. A
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control line of the clutch device is connected with the con-
necting line of the hydraulic fluid accumulator and with the
hydrostatic power unit between the starter valve and the
hydrostatic power unit. With a hydraulically actuated clutch
device of this type, it is possible, in a simple manner during a
starting process and with the starter valve actuated accord-
ingly, to automatically actuate the clutch device to connect the
hydrostatic power unit in a drive connection with the internal
combustion engine.

Alternatively or additionally, the clutch device can be actu-
ated hydraulically, and a control line of the clutch device can
be connected to a lubricating oil system of the internal com-
bustion engine. It is, therefore, possible in a simple manner to
actuate the clutch device when the internal combustion
engine is running. A lubricating pressure is generated in the
lubricating oil system of the internal combustion engine to
supply the lubrication points inside the engine.

In one advantageous development of the invention, a cir-
culation line is provided on the hydrostatic power unit. The
circulation line connects an inlet side with an outlet side of the
hydrostatic power unit and is provided with a shutoff valve
that closes toward the outlet side. With a circulation line of
this type, it is possible in a simple manner, after the discon-
nection of the hydrostatic power unit from the running inter-
nal combustion engine by means of the clutch device, to allow
the hydrostatic power unit to run out in an unpressurized
circulation operation. The shutoft valve in the circulation line
that opens in the direction of the outlet side prevents in a
simple manner the escape of hydraulic fluid from the hydrau-
lic fluid accumulator, bypassing the hydrostatic power unit, to
the outlet side during the starting process of the internal
combustion engine.

The hydrostatic power unit can optionally be in the form of
a hydraulic motor with a fixed displacement volume or a
hydraulic motor with a variable displacement volume. In
particular, a hydraulic motor with a fixed displacement vol-
ume, which operates exclusively as a motor and performs the
function of a hydrostatic starter for the internal combustion
engine, requires a low level of construction effort and expense
and makes possible an economical realization of the hydro-
static starter device of the invention.

Alternatively, the hydrostatic power unit can be in the form
of a hydraulic motor and a hydraulic pump with a fixed
displacement volume or a hydraulic motor and hydraulic
pump with a variable displacement volume. When the power
unit functions as a hydraulic pump with the internal combus-
tion engine running, it makes it possible to charge the hydrau-
lic fluid accumulator. With a power unit operating as a motor
and as a pump, it is possible with little extra construction
effort or expense, when the power unit is operating as a motor,
to perform the function of a hydrostatic starter of the internal
combustion engine and, when the power unit is operating as a
pump, to charge the hydraulic fluid accumulator while the
internal combustion engine is running on its own.

In one development to the invention, it is particularly
advantageous to locate, in an outlet line of the hydrostatic
power unit, an electrically actuated switching valve which, in
a first valve position, closes a charging line that runs to the
hydraulic pressure accumulator and connects the outlet line
with a reservoir, and, in a second valve position, shuts off the
connection of the outlet line with the reservoir and connects
the charging line with the outlet line. When the hydrostatic
power unit is operating as a pump, the switching valve makes
it possible in a simple manner to connect the outlet side of the
power unit with the hydraulic fluid accumulator, so that the
hydraulic fluid accumulator can be charged by the power unit.
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Ifa suction line that is in communication with the reservoir
is connected to the connecting line between the starter valve
and the hydrostatic power unit, in which suction line there is
a shutoff valve that shuts off the connection to the reservoir, it
is easily possible for the power unit operating as a pump to
suck hydraulic fluid out of the reservoir with the inlet side to
charge the hydraulic fluid accumulator.

For this purpose, the hydrostatic power unit can advanta-
geously be placed in a drive connection with the internal
combustion engine by the clutch device to charge the hydrau-
lic fluid accumulator.

The hydrostatic power unit operating as a starter of the
internal combustion engine is preferably a gearwheel
machine or an axial piston machine or radial piston machine.
Constructions of this type of hydrostatic power units, in par-
ticular a gearwheel machine, are characterized by low manu-
facturing costs, rugged construction, and reliable operation.

In one advantageous embodiment of the invention, the
charging pump is a hydraulic pump with a fixed displacement
volume. Because on the starter device of the invention the
hydraulic fluid accumulator can be charged over a longer
period of time with small charging flows, with a charging
pump in the form of a hydraulic pump with a fixed displace-
ment volume, it is possible to achieve a simply constructed
and economical electrohydraulic charging device.

The charging pump is advantageously a gearwheel
machine or an axial piston machine or a radial piston
machine. Constructions of hydrostatic power units of this
type are characterized, in particular in an embodiment with a
fixed displacement volume, by low manufacturing costs and
reliable operation.

The starter device of the invention can be used to start an
internal combustion engine which drives a drive train that is
not provided with additional hydraulic systems, such as
hydraulic work systems, which are driven by the internal
combustion engine. For operation of the hydrostatic starter
device on a drive train of this type without any additional
hydraulic work systems, an independent circuit carrying a
pressurized medium can be provided, such as a suitable
hydraulic fluid. On a drive train without additional hydraulic
work systems driven by the internal combustion engine, it is
particularly advantageous if, as in one embodiment of the
invention, the engine oil of the internal combustion engine is
used as the hydraulic fluid for operation of the hydrostatic
starter system, so that no separate circuit carrying a pressur-
ized medium, such as a hydraulic fluid, is necessary for opera-
tion of the hydrostatic starter device.

The internal combustion engine, which is equipped with a
hydrostatic starter device of the invention, can be in the form
of a stationary engine.

Alternatively, the internal combustion engine equipped
with a hydrostatic starter device of the invention can be a drive
engine of a vehicle. The vehicle can be a vehicle that does not
have additional hydrostatic hydraulic work systems or it can
be provided with a hydrostatic hydraulic work system in the
drive train which is driven by the internal combustion engine,
which drive train has at least one hydraulic work pump driven
by the internal combustion engine to supply the users of the
hydraulic work system with hydraulic fluid.

BRIEF DESCRIPTION OF THE DRAWINGS

Additional advantages and details of the invention are
explained in greater detail below with reference to the exem-
plary embodiments illustrated in the accompanying sche-
matic figures, wherein the reference numbers identify like
parts throughout.
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FIG. 1 shows a first embodiment of a drive train having a
starter device of the invention;

FIG. 2 shows a second embodiment of a drive train having
a starter device of the invention;

FIG. 3 shows an alternative of the embodiment illustrated
in FIG. 1; and

FIG. 4 shows an embodiment of the invention with a
hydraulically actuated clutch device.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 is a schematic diagram showing a drive train 1 of a
vehicle, such as an automobile for example, which is not
illustrated in further detail and is operated with an internal
combustion engine and is not equipped with a hydraulic work
system.

The drive train 1 includes an internal combustion engine 2,
such as a diesel engine or a gasoline engine, and a traction
drive 3 driven by the internal combustion engine 2.

The traction drive 3 can be in the form of a hydrostatic
traction drive, which is not illustrated in any further detail and
is inthe form of a variable displacement traction pump, which
is in a drive connection with an output shaft 4 of the internal
combustion engine 2, and one or more fixed or variable dis-
placement hydraulic motors, which are connected in a closed
or open circuit to the traction pump and are in an operative
connection with the driven wheels 5a, 55, of the vehicle. The
traction drive 3 can also be in the form of an electrical traction
drive with an electric generator driven by the internal com-
bustion engine 2 and one or more electrical traction motors
that drive the wheels 5a, 55. A mechanical traction drive with
a mechanical transmission 6, such as a multi-speed manual
transmission, an automatic transmission, a power split trans-
mission, or a torque converter transmission, can also be pro-
vided as the traction drive 3 to drive the wheels 3a, 55.

As the starter for the internal combustion engine 2, with
which the shut-off internal combustion engine 2 can be
started from a stop, a hydrostatic starter device 10 is provided,
which has a hydrostatic power unit 11 connected in a drive
connection with the output shaft 4, e.g., the crankshaft, of the
internal combustion engine 2, which power unit is connected
with a hydraulic fluid accumulator 12 and, to start the internal
combustion engine 2, can be driven with hydraulic fluid from
the hydraulic fluid accumulator 12.

The hydrostatic power unit 11 of the hydrostatic starter
device 10 of the invention illustrated in FI1G. 1 is formed by a
hydraulic motor that operates exclusively as a motor. In the
illustrated exemplary embodiment, the hydraulic motor is in
the form of a hydraulic motor with a fixed and therefore
constant displacement volume.

The hydrostatic power unit 11 in the form of a hydraulic
motor is connected on the input side with an inlet side E onthe
hydraulic fluid accumulator 12. For this purpose, a connect-
ing line 13 runs from the hydraulic fluid accumulator 12 to the
inlet side of the power unit 11. The power unit 11 is in
communication on an outlet side A with a reservoir 14. For
this purpose an outlet line 15 connected to the outlet side A of
the power unit 11 is connected to the reservoir 14.

The power unit 11 is operated exclusively in one direction
of delivery from the hydraulic fluid accumulator 12 to the
reservoir 14 and, thus, exclusively as a motor to drive the
output shaft 4 and therefore has exclusively the function of a
starter for the internal combustion engine 2.

To control the starting process of the internal combustion
engine 2, there is a start valve in the connecting line 13 that
performs the function of a starter valve and has a closed
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position 20a and an open position 205. The starter valve 20 is
actuated by a spring device 21 into the closed position 20a
and is electrically actuated into the open position 205.

An electrical actuator device 22, such as an actuator mag-
net, is provided which is in communication for its actuation
with an electronic control circuit 23. The control valve 20 is
preferably in the form of a switched valve.

The starter device 10 further comprises a clutch device 25
by means of which the hydraulic motor 11 can be connected
in a drive connection with the output shaft 4 of the internal
combustion engine 2.

The hydrostatic starter device 10 is provided with an elec-
trohydraulic charging device 30 so that the hydraulic fluid
accumulator 12 can be charged with hydraulic fluid even
when the internal combustion engine 2 is shut off. The elec-
trohydraulic charging device 30 has a hydrostatic charging
pump 32 driven by an electric motor 31. The charging pump
32 is connected on the inlet side with the reservoir 14 and on
the outlet side delivers into the hydraulic fluid accumulator
12. A delivery line 33 of the charging pump 32 is connected to
the connecting line 13 between the starter valve 20 and the
hydraulic fluid accumulator 12. Located in the delivery line
33 is a shutoff valve 34, such as a check valve, that opens in
the direction ofthe hydraulic fluid accumulator 12 and which,
when the charging pump 32 is shut off, prevents a depressur-
ization of the hydraulic fluid accumulator 12 as a result of
leakage of the charging pump 32. In the illustrated exemplary
embodiment, the charging pump 32 is a hydraulic pump hav-
ing a fixed and therefore constant displacement volume. The
electric motor 31 that drives the charging pump 32 is con-
nected with a conventional starter battery 35 for its electric
power supply. The electric motor 31 is in connection with the
electronic control device 23 for its control and actuation.

On the starter device 10, associated with the hydraulic
pressure accumulator 12 is a pressure relief valve 36 that
protects the pressure in the hydraulic fluid accumulator 12, by
means of which the accumulator charging pressure in the
hydraulic fluid accumulator 12 and, thus, the operating pres-
sure of the hydrostatic starter device 10 are guaranteed. In the
illustrated exemplary embodiment, the pressure relief valve
36 is associated with the delivery line 33 of the charging pump
32 that runs from the charging pump 32 to the hydraulic
pressure accumulator 12 and is located in a connecting line 37
that runs from the delivery line 33 to the reservoir 14.

On the starter device 10, a relief valve 40 is also provided,
with which the hydraulic fluid accumulator 12 can be dis-
charged to the reservoir 14 in a controlled manner.

The relief valve 40 is located in a connecting line 46 that
runs from the hydraulic pressure accumulator 12 to the res-
ervoir 14 and is in the form of an electrically actuated control
valve with a closed position 405 and an open position 40a.
The relief valve 40 is actuated into the closed position 405 by
a spring device 41 and into the open position 40a electrically.
For this purpose, an electric actuator device 42, such as an
actuator magnet, is provided, which, for its actuation, is in
connection with an electronic control device 23. The relief
valve 40 is preferably in the form of a switched valve.

On the hydrostatic power unit 11 that functions as the
starter of the internal combustion engine 2, a circulation line
50 is provided which connects the inlet side E with the outlet
side A. Also in the circulation line 50 is a shutoff valve 51 that
closes the line toward the outlet side A and can be in the form
of a check valve, for example.

On the starter device 10 illustrated in FIG. 1, the power unit
11 is in the form of a hydraulic motor and functions exclu-
sively as the starter to start the internal combustion engine 2.
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The hydraulic pressure accumulator 12 can be charged with
hydraulic fluid exclusively by the electrohydraulic charging
device 30.

The hydraulic pressure accumulator 12 can be charged
with the electrohydraulic charging device 30 during operation
of'the internal combustion engine 2. A particular advantage of
the electrohydraulic charging device 30 is that the hydraulic
fluid accumulator 12 can also be charged with the electrohy-
draulic charging device 30 with a sufficient volume of
hydraulic fluid for a starting process of the internal combus-
tion engine 2 when the internal combustion engine 2 is shut
off. This ensures that the hydraulic fluid accumulator 12 is
always charged prior to a starting process of the internal
combustion engine 2 with a volume of hydraulic fluid suffi-
cient for the starting process. The electrohydraulic charging
device 30 charges the hydraulic fluid accumulator 12 with
small charging flow over a relatively long period of time so
that the charging pump 32 can have a low displacement vol-
ume and the electric motor 31 requires a low power. Thus, it
becomes possible to have a simply constructed and economi-
cal electrohydraulic charging device 30 which can be oper-
ated with electrical energy from the starter battery 35.

On the starter device 10, the hydraulic fluid accumulator 12
is charged with the electrohydraulic charging device 30 prior
to the starting process of the internal combustion engine 2
with a volume of hydraulic fluid sufficient for the starting
process of the internal combustion engine 2. The charging
process of the hydraulic fluid accumulator 12 can be con-
trolled and protected by the pressure relief valve 36. The
hydraulic fluid accumulator 12 can also be charged with the
electrohydraulic charging device 30 when the internal com-
bustion engine 2 is shut off.

To start the internal combustion engine 2, the starter valve
20 is actuated by the electronic control device 23 into the open
position 204 so that hydraulic fluid from the charged hydrau-
lic fluid accumulator 12 flows to the hydrostatic power unit
11, which is in the form of a hydraulic motor, on the input side
E. For the starting process of the internal combustion engine
2, the hydrostatic power unit 11 is in a drive connection of the
clutch device 25 with the output shaft 4 of the internal com-
bustion engine 2, so that the power unit 11 driven by the
hydraulic fluid from the hydraulic fluid accumulator 12 acting
as the hydraulic starter cranks the output shaft 4 of the internal
combustion engine 2, which starts as a result of this process.
After the starting of the internal combustion engine 2, the
starter valve 20 is actuated into the closed position 20a by
terminating the actuation of the spring device 21. After the
starting process, the clutch device 25 disconnects the internal
combustion engine 2 once the internal combustion engine 2 is
running independently and interrupts the drive connection
between the power unit 11 and the output shaft 4 so that, as the
internal combustion engine 2 continues to run, the power unit
11 of the hydrostatic starter system 10 is prevented from being
driven along with it and therefore low idling losses of the
running internal combustion engine 2 are achieved.

FIG. 2 is a schematic diagram showing a drive train 1 of the
invention of a mobile work machine, such as an industrial
truck or a construction vehicle or an agricultural vehicle,
which is not illustrated in any further detail, and is driven by
an internal combustion engine, and is equipped with a
hydraulic work system. Components that are identical with
components in FIG. 1 are identified with identical reference
numbers.

Inthe drive train 1, in addition to the traction drive 3 and the
hydrostatic starter device 10, there is a hydraulic work system
60 which is driven by the internal combustion engine 2. The
hydraulic work system 60 comprises the work functions of
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the industrial vehicle, such as on an industrial truck, the work
functions of actuating load holding means on a lifting mast, or
on a construction vehicle in the form of an excavator, the work
functions of a working device formed by a shovel. To supply
the users, the hydraulic work system 60 has one or more
hydraulic work pumps 61 which are operated in an open
circuit and are in a drive connection with the output shaft 4 of
the internal combustion engine 2. The hydraulic work pump
61 is in communication on the input side with the reservoir 14
and delivers into a delivery line 62, which leads to a control
valve block 63 in which are located the control valves for the
control of the users of the hydraulic work system 60. When
the internal combustion engine 2 is running, the hydraulic
fluid accumulator 12 can be charged by the hydraulic work
pump 6 in addition to or as an alternative to the electrohy-
draulic charging device 30. For this purpose, a charging line
64 leads from the control valve block 63 to the hydraulic fluid
accumulator 12, in which line 64 there is a shutoff valve 65,
such as a check valve, which opens in the direction of the
hydraulic fluid accumulator 12. In the illustrated exemplary
embodiment, the charging line 64 is connected to the delivery
line 33 of the charging pump 32.

FIG. 3 illustrates the development of the embodiment illus-
trated in FIG. 1, in which the hydrostatic power unit 11 can be
operated as a motor to start the internal combustion engine 2
and, in the same direction of rotation, can also be operated as
apump to charge the hydraulic fluid accumulator 12 when the
internal combustion engine 2 is running. The hydraulic fluid
accumulator 12 can be charged when the internal combustion
engine 2 is running, in addition to or as an alternative to the
electrohydraulic charging device 30, by the power unit 11
which is operating as a pump and delivering into the output
line 15. For this purpose, in the outlet line 15 of the power unit
11 there is a switching valve 80 which in a first switched
position 80a shuts off the charging line 64 that leads to the
hydraulic fluid accumulator 12 and connects the outlet side A
of the power unit 11 with the reservoir 14, and in a second
switched position 805 closes the connection between the
outlet side A of the power unit 11 with the reservoir 14 and
connects the charging line 64 with the outlet side A of the
power unit 11. The first switched position 80a is provided
with a shutoff valve 65, such as a check valve, which shuts off
the charging line 64.

The switching valve 80 is actuated by a spring device 81
into the first switched position 80a and can be actuated elec-
trically into the second switched position 805. For this pur-
pose, an electrical actuator device 82, such as an actuator
magnet, is provided, which for its actuation is in communi-
cation with the electronic control device 23.

In the illustrated exemplary embodiment, the charging
device 64 is connected to the delivery line 33 of the charging
pump 32.

Connected to the connecting line 13 between the starter
valve 20 and the inlet side E of the power unit 11 there is a
suction line 83 which is in communication with the reservoir
14, in which suction line 83 there is a shutoff valve 84, such as
a check valve, which shuts off the line in the direction of the
reservoir.

For charging of the hydraulic fluid accumulator 12 by the
power unit 11 operating as a pump, the power unit 11 is placed
in a drive connection by the clutch device 25 with the output
shaft 4 of the internal combustion engine 2 and the switching
valve 80 is actuated into the second switched position 805, so
that the power unit 11 (which is operating as a pump and is
driven by the internal combustion engine 2) sucks in hydrau-
lic fluid on the input side via the suction line 83 and the open
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shutoff valve 84 from the reservoir 14 and delivers it on the
output side via the charging line 64 into the hydraulic fluid
accumulator 12.

FIG. 4 illustrates an embodiment of the invention with a
hydraulically actuated clutch device 25. A control line 70 that
actuates the clutch device 25 is connected with the connecting
line 13 of the hydraulic fluid accumulator 12 and with the
hydrostatic power unit 11 between the starter valve 20 and the
hydrostatic power unit 11. During the starting process of the
internal combustion engine 2, with a corresponding actuation
of the starter valve 20, the clutch device 25 can therefore be
automatically actuated by the hydraulic fluid from the
hydraulic fluid accumulator 12 to establish a drive connection
of the hydrostatic power unit 11 by the clutch device 25 with
the output shaft 4 of the internal combustion engine 2 to start
the internal combustion engine 2, and to disconnect the power
unit 11 from the output shaft 4 after the starting of the internal
combustion engine 2.

Additionally or alternatively, a control line 71 that actuates
the clutch device 25 is provided, which is connected with a
lubricating oil system 75 of the internal combustion engine 2.
Located in the control line 71 is a control valve 72 with which
the actuation of the clutch device 25 by the lubricant pressure
generated in the lubricating oil system 75 can be controlled.
For its actuation, the control valve 72 is preferably connected
with the electronic control device 23 and is in the form of a
switched valve.

The lubricating oil system 75 has a lubricating oil pump 76
driven by the output shaft 4 of the internal combustion engine
2 and which is in communication on the input side with a
lubricant reservoir 77, such as an engine oil pan of the internal
combustion engine 2, and sucks lubricant out of the lubricant
reservoir 77. On the output side, the lubricating oil pump 76
delivers into a lubricating oil system 78, by means of which
the lubrication points inside the engine (which are indicated
in FIG. 4 by an arrow on the internal combustion engine 2) are
supplied with lubricant. The lubricant can flow back into the
lubricant reservoir 77 by means of a return line 79 after it has
flowed through the lubrication points inside the engine. The
lubrication points on an internal combustion engine 2, which
can be in the form of a reciprocating piston engine, for
example, are formed by the bearings of a rotating camshatft,
the bearings of rotating balancer shafts, the bearings of con-
necting rods, and the bearings of the crankshaft, which are
hydrostatic and/or hydrodynamic bearing points.

When the internal combustion engine 2 is running, by
means of an appropriate actuation of the control valve 72, the
power unit 11 can be connected with the output shaft 4 of the
internal combustion engine 2, so that when the internal com-
bustion engine 2 is running, alternatively or in addition to the
electrohydraulic charging device 30, the hydraulic fluid accu-
mulator 12 can be charged by the power unit 11 operating as
a pump.

The hydrostatic starter device 10 of the invention has a
series of advantages. The hydrostatic starter device 10 can be
operated to achieve a start-stop function of the internal com-
bustion engine 2 at brief intervals without any danger of
overheating. With the hydrostatic starter device 10, a start-
stop function is achieved in the form of a rugged, fail-safe,
and economical construction. On account of the use of the
electrohydraulic charging device 30 of the hydrostatic starter
device 10, no conventional starter device driven by an electric
motor with an electric motor as a starter motor is required on
the internal combustion engine 2.
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The hydrostatic power unit 11 and the clutch device 25 of
the hydrostatic starter device 10 can be located at any desired
point in the drive train 1 driven by the internal combustion
engine 2.

It will be readily appreciated by those skilled in the art that
modifications may be made to the invention without depart-
ing from the concepts disclosed in the foregoing description.
Accordingly, the particular embodiments described in detail
herein are illustrative only and are not limiting to the scope of
the invention, which is to be given the full breadth of the
appended claims and any and all equivalents thereof.

The invention claimed is:

1. A hydrostatic starter device for an internal combustion
engine to start the shut-off internal combustion engine from a
stop, comprising:

a hydrostatic power unit in a drive connection with an

output shaft of an internal combustion engine, wherein
the hydrostatic power unit is in communication with a
hydraulic fluid accumulator and is driven with hydraulic
fluid from the hydraulic fluid accumulator to start the
internal combustion engine,

wherein the hydrostatic starter device includes an electro-

hydraulic charging device to charge the hydraulic fluid
accumulator with hydraulic fluid, and wherein the
hydrostatic power unit is connected in a drive connec-
tion with the internal combustion engine by a clutch
device for a starting process of the internal combustion
engine,

wherein the electrohydraulic charging device includes a

charging pump driven by an electric motor and is con-
nected on an input side with a reservoir and delivers on
an output side into the hydraulic fluid accumulator, and
wherein a pressure relief valve to protect a pressure in
the hydraulic fluid accumulator is operationally con-
nected to the hydraulic fluid accumulator,

wherein a shutoff valve that opens in a direction of the

hydraulic fluid accumulator is located in a delivery line
of the charging pump,

wherein an electrically actuated starter valve is located in a

connecting line between the hydraulic fluid accumulator
and the hydrostatic power unit of the starter device,
which starter valve is actuated into an open position for
the starting process of the internal combustion engine
and is actuated into a closed position after the starting
process of the internal combustion engine,

wherein the delivery line of the charging pump is con-

nected to the connecting line between the hydraulic fluid
accumulator and the starter valve,

wherein the shutoff valve is located in the delivery line of

the charging pump, and

wherein the pressure relief valve is connected to the deliv-

ery line of the charging pump between the shutoft valve
and the hydraulic fluid accumulator.

2. The hydrostatic starter device as recited in claim 1,
wherein when the internal combustion engine is shut off, the
hydraulic fluid accumulator is charged by the electrohydrau-
lic charging device with a volume of hydraulic fluid sufficient
for the starting process of the internal combustion engine.

3. The hydrostatic starter device as recited in claim 1,
wherein the clutch device is a freewheeling clutch.

4. The hydrostatic starter device as recited in claim 1,
wherein the clutch device is a separating clutch.

5. The hydrostatic starter device as recited in claim 1,
including a relief valve configured to depressurize the
hydraulic fluid accumulator to the reservoir.

6. The hydrostatic starter device as recited in claim 5,
wherein the relief valve is located in a connecting line that
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leads from the hydraulic fluid accumulator to the reservoir
and is an electrically actuated control valve with a closed
position and an open position.

7. The hydrostatic starter device as recited in claim 1,
wherein the clutch device is hydraulically actuated, and
wherein a control line of the clutch device is connected with
the connecting line of the hydraulic fluid accumulator, with
the hydrostatic power unit between the starter valve and the
hydrostatic power unit.

8. The hydrostatic starter device as recited in claim 1,
wherein the clutch device is hydraulically actuated and a
control line of the clutch device is connected to a lubricating
oil system of the internal combustion engine.

9. The hydrostatic starter device as recited in claim 1,
including a circulation line provided on the hydrostatic power
unit, wherein the circulation line connects an inlet side with
an outlet side of the hydrostatic power unit and is provided
with a shutoff valve which closes toward the outlet side.

10. The hydrostatic starter device as recited in claim 1,
wherein the hydrostatic power unit is selected from the group
consisting of a hydraulic motor with a fixed displacement
volume and a hydraulic motor with a variable displacement
volume.

11. The hydrostatic starter device as recited in claim 1,
wherein the hydrostatic power unit is selected from the group
consisting of a hydraulic motor and hydraulic pump with a
fixed displacement volume, and a hydraulic motor and
hydraulic pump with a variable displacement volume, and
wherein the power unit, acting as a hydraulic pump when the
internal combustion engine is running, allows charging of the
hydraulic fluid accumulator.

12. The hydrostatic starter device as recited in claim 11,
including an electrically actuated switching valve located in
an outlet line of the hydrostatic power unit and which in a first
switched position shuts off a charging line that leads to the
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hydraulic fluid accumulator and connects the outlet line with
the reservoir, and in a second switched position closes the
connection of the outlet line with the reservoir and connects
the charging line with the outlet line.

13. The hydrostatic starter device as recited in claim 11,
including a suction line connected to the connecting line
between the starter valve and the hydrostatic power unit and
in communication with the reservoir, in which suction line
there is a shutoff valve which closes in the direction of the
reservoir.

14. The hydrostatic starter device as recited in claim 11,
wherein the hydrostatic power unit is placed in a drive con-
nection with the internal combustion engine by the clutch
device to charge the hydraulic fluid accumulator.

15. The hydrostatic starter device as recited in claim 1,
wherein the hydrostatic power unit is selected from the group
consisting of a gearwheel machine, an axial piston machine,
and a radial piston machine.

16. The hydrostatic starter device as recited in claim 1,
wherein the charging device comprises a hydraulic pump
with a fixed displacement volume.

17. The hydrostatic starter device as recited in claim 1,
wherein the charging device is selected from the group con-
sisting of a gearwheel machine, an axial piston machine, and
a radial piston machine.

18. The hydrostatic starter device as recited in claim 1,
wherein the hydraulic fluid comprises engine oil of the inter-
nal combustion engine.

19. The hydrostatic starter device as recited in claim 1,
wherein the internal combustion engine is a stationary engine.

20. The hydrostatic starter device as recited in claim 1,
wherein the internal combustion engine is a drive motor of a
motor vehicle.



